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C^72^6 ^ Protective Peptides Neurotoxin of C. Botulinum 

« — ~ " * 

Field of the Invention: 

This invention relates to immunization against toxic effect 
5 of neurotoxins of Clostridium bolutinmn . Protective epitopes of 
the heavy chain of the neurotoxin of C. botulinum have been 
discovered. The invention also relates to preparation of 
protective immunotoxins of C. botulinum . 
Backgrou nd of the Invention; 

Botulinum neurotoxin (BoNT) is one of the most potent toxins 
known to man. Ingestion or inhalation of toxin inhibits 
neurotransmitter release from synaptic vesicles, resulting in 
3 neuroparalysis and death. Seven serologically distinct forms of 

1 neuroto *in are produced by Clostridiu m botulinum . The toxin is 
synthesized as a 150 kDa precursor that is proteolytically. nicked 

ij int ° tWO SLl ^nits. The light (L) chain/ associated with the 

0 toxicity of BoNT , must be internalized in the cell in order to 

* inhibit neurotransmitter release. It is linked by a disulfide 

3 bond to the heavy (H) chain, which mediates binding of the toxin 

2 to receptors located on the surface of the nerve cell. Although 
2 the heavy chain is required for BoNT to productively bind and 
□ enter the target cell, it is not toxic by itself. 

The current pentavalent toxoid vaccine for botulism is 
composed of formalin-inactivated holotoxin. Although effective, 
this vaccine is difficult to manufacture. Furthermore, extensive 
treatment with formalin is required to inactivate the toxin. 
Prolonged treatment with formalin can affect the immunogenicity 

tov P T! ln anti9enS ' and thi3 **y explain why certain lots of 
toxoid have been poorly immunogenic in the past. 

^ There are several approaches that can be used to construct 

mutlnVT 1 ^' aPPr ° ach would be to express a non-toxigenic 

mutant of BoNT/A, as has already been done for other toxins. The 

bv 1-h 96 thlS apPr ° ach is that the immune response elicited 

3* resoont ^ mOSt approximate the 

esponse ei lcited by the native ^ ^ ^ ^ 
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na tl ve protein structure would still be intact. However, high 
level expression of the c fragment of tetanus toxin (TeTx) could 
- not be achieved in E, co t i „ hen the native clostridial gene 
sequence was used. Based on this information, expression of BoNT 

to co ^ Predl0ted tQ be as well. Another approach is 

o construct a synthetic peptide-based vaccine. The advantage of 
h,s approach is that large quantities of synthetic peptide can 
with ™ anUfaCtUred — m a vaccine. However, studies 

located T indlCated ° f thS ™»t»U.lna epitopes 

that a o , T 31:6 COnf °™ atio -"y -nsitive. This suggests 
Lduce r * biS8i Va ° Clne ^ necessarily be able to 

bot ulism „„ ,„ P genetically engineered vaccine for 

«P 1 Tn a " 

require treatm host at "gh leveis and would not 

valine. f0rMUn be '°" incorporation into a 

".n-t^Uy en d a eVal0pment£ »«. made the construction ' of a 
serotyp l /^^T T P °"" i "- ^ *«• BoNT 

«>■ light c hain needed to ret (1990> ' mininU, " len9th ° f 

(Kurazono, et al T „. ° neurotoxicity has been defined 

instruction of suctf^ft 7 ' ^ 
systematic attempt to ide„t7 y \h e d ^ ^ ^ * 

^ required to elicit or t d °">ain ( s) of BoNT/ A that would 

fragment correspond!™ J imami ^- Ionization with a 

<H C , has been ^ to st C - te ™ inal >»» of the heavy chain 
definitive identif loatlo f Pr ° tSCtive i«™»lty, but „ore 
i«u„e response had not „ SS<3UenCes tha * elicit protective 
antibodies directed aq! i n7 1 ° USly b ' m desc «bed. Monoclonal 
determinants had beenl'" t U9ht ^ " ^ ^ 

against a !ethal ~ Pr ° Vlde ^ Passive Protection to 

•-"<».. «" . r^r 1 - indicating that 

e Prtopes appear to be confor™ 7 However, many of these 

conformational^ sensitive, which suggests 
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that mapping their location by using synthetic peptides may be 
unproductive due to their lack of tertiary structure. 
Summary of th* invention: 

It is the purposes of this invention to provide methods for 
developing vaccines to protect from neurotoxins of c. botulinum . 
The methods used to identify specific sequences consisted of 
amplifying and cloning overlapping segments of the BoNT/A gene. 
These segments are then expressed in suitable vectors such as ^ 
SSli to produce truncated BoNT/A proteins of about 15-3 0 kDa in 
size. The truncated proteins are purified by appropriate methods 
such as SDS-PAGE. The invention is exemplified using two 
particularly protective regions from the heavy chain of the type 
C^tulinum toxin. The peptides giving rise to protective 
antibodies may -be fused to other peptides that act as adjuvants 
mcrease antigenicity. Such fusion proteins may be produced 
by recombinant technology using plasmids containing hybrid genes 
for expression of the desired fusion proteins. 

immunoaen- ^ PUrpOSe ° f this i-ention to identify and provide 

aga nst bL?! YPePtideS ^ ^ *" *° P"t~t±v. antibodies 
tie" \ . 2 COmP ° Sitio - staining the subject polypep- 

s ln Pharmaceuticals accent>ki. 
vaccines and as „, ' <»<=«ptable earners are useful as 

antibodies <>"9i«>.tic agents to identify protective 

those d^ailr" 0 " °* Pr ° tectiv * ^-ins „ as identified, and 
E . ecu ^ t r re Pr ° dUCed by -Posing fragments of BoNT/A in 
^ U rl I:? 8 "" 5 ^ P»t.otiv. efficacy. 

that were T^J"^ °' ^ ^ "™ «P™~* 

^urucient size tn C f ^ n _ 

conformation but t-h„* , Possess some tertiary 

to.in utili2ed r would greatly reduce the amount of the 

^n g expresse d d Z Z7 1Win9 thS re9i ° ns ° f the BoNT/A 

a Really encoded P ° SSlWe *» the possibility that 

advantage of th T s a »«"-ntly interrupted. Th e 

!V small to be LIT^ **" sufficient- 

nonto xlo . However, it is poss ibi e that not all 



protective determinants may have been encoded by these fragments. 

It was possible to express fragments of the BoNT/A gene at 
high levels in E . coli by using an inducible T7 expression 
system. it was not predictable that, in contrast to some of the 
problems encountered with expression of the C fragment of tetanus 
toxin (TeTx) , this could be done for purposes of making a 
protective vaccine against botulism. Some difficulty encountered 
U * iwL was relat ed to the fact that clostridial toxin is encoded 
by codons that are rarely used by E. coli . Unexpectedly, this 
problem with the DNA sequence naturally encoded by Clostridium 
did not present the barrier that might have been expected. The 
possibility for expression of these proteins may be due to the 
5128 ° f the BoNT / A . Proteins encoded. The TeTx proteins being 
expressed in B. col i were two to three times, larger than' the 
BoNT/A proteins expressed as disclosed herein. The smaller size 

tLri B ° NT/A tranSCripts may ^ve permitted E . coli to translate 
em more efficiently. However, the truncated BoNT/A proteins 
were expressed primarily in the form of insoluble inclusion 
od.es. insertion of the BoNT/A gene fragments into the plasmid 
vector pMTD 74 resulted in expression of a BoNT/A protein fused to 
fracT T PtldS ° f Ch ° lera tOX±n (CtXA2) at its C-terminus. These 
B subun t T fUSed ^ CtXA2 t0 aSS ° Ciate noncovalantly „ith the 
Ls sZ I Ch0l6ra tOXin (CtXB) • FUSi ° n ° f to CtxB 

~ l o ; te thSir —*^y — administered by 

system with +1 S ' CtXB is USed as a delivery 

a s ^ thSSe fra ^ ntS ° f BONT/A as part of a mucosally 

mistered vaccine for botulism. 

l-»ni»t io „ llZt* " ^ antl9£n W«tl«, used for 
"adequate when t ^-"on of antibody to BoNT/A Was 

-en tho^h t h " lyS " eS W6re US6d f ° r ionization, 

SP ec if L oo ;r:r reiativeiy iar9e ~ - *> nt/a - 
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unlike the crude form of the antigen, the purified form was able 
to elicit BoNT/A-specific antibody whilst being well tolerated by 
the animals. The poor immunogenicity of the crude lysates may 
have been due to saturation of the antigen-presenting cells with 
other antigens present. It is possible that by purifying the 
Bont/a proteins, other immunodominant antigens were removed which 
could have been competing for uptake and presentation to 
lymphocytes by the antigen-presenting cells. 

Preparative SDS-PAGE was used to purify the BoNT/A fragments 
°r several reasons. First, most of the BoNT/A protein present 
in the lysates were in the form of inclusion bodies that had to 

BoN^ Ubili2ed bef ° re " uri ' i '»t>°n. SDS easily solubilized the 
BONT/A proteins. Secon d, this 'method can be used' to purify ail 
of the fragments, regardless of ' their ' si 2 e or composition. 
Furthermore, the size range of the BoNT/A proteins permitted them 

lysates SeP T ed fr ° m m ° St ° f ° ther Pr ° teins P*—nt - the 
-thol is t e ha P t 0t :: tial diS ~^ «* -ch . denaturing 

completer' Purified BoNT/A proteins may not have 

llZ oTsL T th6ir MtlVe COn£0 ™ ati -- — "ing in the 
to e M 1 P T S£ - BONT/A Pr ° teinS Sh ? Uld h - »~» 

^t:::;l:l sds was removea fr °™ the ~.«» 

Protectee" im7 fUSi ° n Pr ° teins ^° »• Produced to increase 
encode ™ A 

-guences which .^H^ t **""*"« may be fused to DNA 
« chdera „ s IT n ~ t0 " C ft*"-- of other organisms such 

incorporated herei^ T ' !' ^ ' ^ t0 ' H ° l "»""' et al - 

-«n. of producing ™tir.ty by refer ence, discloses a 

P^e^ cental nZ^lT^^ ^ *"» *> 

Both Bont Pept 9 ides """^ ^Ptiaas of botuiism. 
acid sequences m»v k ! " proteins containing BoNT amino 

prote lns containTno se ^ *>»«.• Antigenic fusion 

^ministration orally TrTl^ SUbunits are »■•*»! for 

l »- The fusion or J • ° ,UO °" (f ° r exaI "P le intranasal- 

protexns may be lyophilised and inhaled from a 



vial for administration. 

Compositions containing the BoNT peptides in pharmaceutical - 

Y acceptable carriers may al so be administered parenterally . 
Preferred parenteral routes include intracutaneous or subcutane- 
ous or intramuscular injection. Any of the compositions may 
contain. additionally, adjuvants such as alum or Freund's 

d,- while the invent . on has been exemplified us . ng ^ 

IZ U T S ° f —type A, analogous polypeptides 

herein a Ser ° tYPeS Can be in the manner described 

adminiW C ° Cktai1 ° f ^Y^PtiAea from various serotypes may be 

r t0 Pr ° Vide Profction against toxins of c. 

agi&uiinuTn serotypes. — 

Materials and Methods: 

c hain °:;;i:i::7 PC ;; z BO T sene fra9mants - ^ 

fragments of thl BoNT/A US8d ^ ai " Pllfy Md Clone -snapping 

-a 9ment are ^ t ::T,i:::\ pr ;r s used to ampufy eaoh 

include unim,. ^ i u ■ primers were designed to 

°' each a~ ied 7 9 reStriCtl °" - the 5 - and ends 

«» express IZTJTZ " P6rmit ^° 

l« gs overlapping r ' ■ P1 ^ S ^' PC»3, and pCBA4 encoding 

used a tIZirT °' B ° NT/A 9ene and ™« 

73-BX (l990 "/"" Xlr™' £ta1 -' ^-^^ 

Polymerase („ e „ EncLn I perfori » ed «ing Vent DNA 

fixture was p 'pa^T ?• MaSS ->- Th * " a «ion 

-d consisted o 100 *" ^ . direction,, 

Primer, and 10 ng/ Ml te^la PriMer ' 10 ° ng/ "' 1 reVSrSe 

cycles of amplified,™ E9Ch reaction "as subjected to 25 

following parameters- ",1™ ^"^^ according to the 

baling temperature, 45" f« ^ 94 ^ 1 mi "'' 

72 c f or 1 min r 1 min ; extension temperature, 

appropriate restrict,' a, " Pllfle<i DNA "as digested with the 

* strict ion enzvme* *.u 

expression vector pM TD7 4 . W3S ligated into th * 
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TABLE l. PCR primers 
n.t.s Direction^ Sequence 



367-7/11 


•r : 


5 ' - 


I b 
A - 1 28 


R: 


5'- 


7 3 2—1 i m 


r : 




"^126-2716 


R: 


5'- 


1126-1 7Rn 


r . 


D - 


^257-465b 


R: 


5' 


J U 


F : 


5 ' - 


^/CC _ jr j> + i 

*o3 -oolb 


R: 


5 ' - 


0 1 ^ (~\ — ^ n o r\ 


F : 


5 ' - 


u 

630- 808b 


R: 


5A- 


H 2695-3175 


F: 


5 ' - 


H 780 -939b 


R: 


5'- 


3100-3530 


F: 


5'- 


^ H 915- 1059b 


R: 


5'- 


C3 3301-3726 


F: 


5'-' 


H 982- 1123b 


R: 




M. 3590-4020 


F: 


5 7 -i 


^ H b "d • 
"1078-1220" R: 




5'-< 


3806-4223 


F: 


5'-j 


H 1 150- 1289b R: 




5 /.r 



3 Nucleotide sequence number designation based on EMBL/Genbank™ 
accession file X52066. 

* Amino acid residue number of the light (L) chain and the 
heavy (H) chain. 



P, forward primer; r, revers 



e primer. 
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Bacterial strains and plasmids. Plasmids constructed are 
listed in Table 2. All plasmids were transformed by the. CaCl 2 ~ 
heat shock method (See Morrison, D. A., J. Bacteriol. 132:349-351 
(1977)) into E. coli strain HMS174(DE3) (Campell, et al . , Proc . 

^-i- Acad. Sci., U.S.A. . 75:2276-2280 (1978)). Bacterial 

strains were grown at 37 *C in M-9 medium in accord with the 
methods of Miller (Miller, J. h. , Experiments in Molecular 
Genetics , cold Spring Harbor Laboratory, Cold Spring Harbor 
(1972)) supplemented with 10 g of Casamino Acids (Difco Laborato- 
ries, Ann Arbor, Mich.) per liter, 20 m of leucine per ml, 20 m 
of proline per ml/ 2 M g of thiamine per ml, 50 M9 of ampicillin 
per ml, and 2 5 Mg of rifampicin per ml. Plasmid pMTD74 was used 
to express the BoNT/A fragments in E . coli . it was derived from 
the T7 translation vector pET-Sc (Studier, et al., Methods in 
§ ™^' Academic Press, New York (1990)) and has a'multiple 
cloning site encoding unique restriction sites. This plasmid was 
used to express fragments of the BoNT/A gene in E . coli . It 
encodes a gene for ampicillin (Ap) resistance and a ColEl origin 
ot replication (0 RI) . Transcription is initiated from the T7 
Promoter and is terminated by the T 0 transcriptional terminator 
•^•). Proper in-frame insertion of DNA within the multiple 
cloning site (MCS) results in expression of protein fused to the 
pf" PSPtlde ° f Ch0le " ^in (CtxA2). (Lockman, et al . , J. Biol. 
258:13722-13726 (1983)). The MCS contains several unique 

m, D T 10n SitGS ' ^ " Sh ° Wn in ^ detail below the P las ^ 
seon. ir i anSlatl ° n is initiated by the Shine-Delgarno (s.D.) 

the nTi ° ated UPStream ° f initiat ° r -thionine encoded by 
lysog^~ E VolVat TranSf ° rinati0n ° f this P^smid into the 
of proteinT^ " HMS174 ^ DE3 ) Permits inducible expression 

for t r ° m T? Pr0, " 0ter - T? RNA P^^rase is required 

Protein is 7 the T7 promoter, and this 

'-t.: -o-z::::::: iy expressed in ™»«™> »* ^o^. 

^niogalactopyranoside (IPTG) . 



table 2. Bacterial strains and plasmids 



E. coli 
Strain 



HM5174 
HM317 4 (DE3) 
MTD10 3 
MTD143 
MTD145 
MTD15 0 

%| MTD164 

K MTD165 

-4 MTD19 1 

M MTD19 3 

0 MTD19 6 

W MTD2 0 3 

□ MTD210 



Plasmid 

pMTD7 4 



Comments 



R f e r 
enc s 



pMTDS9 
PMTD143 

PMTD130 
pMTD7 4 

pMTD16 2 
PMTD163 
PMTD18 6 
PMTD18 8 
PMTD18 7 
PMTD19 5 
PMTD14 8 



F' hsdR fr - m*) recA rif s Campbell* 



T7 expression host 

BoNT/A L 4 . 12a 

BoNT/A H 455 . 661 

BoNT/A H 7ao . w 

HMS174(DE3) host for 
background control 

BoNT/A H 982 . 1l23 

BoNT/A H 1150 . 1M9 

BONT/A L l26 . 2?1 

BoNT/A H 1Q78 . 1220 ■ 

BoNT/A L 257 . 465 

BoNT/A H 915 . 1059 

BoNT/A H 630 . fl08 



Studier 



Campbell, et al., Proc a __Natl. Acad. Sc-j., U.S. A. 75:2276-2280 

(1994) 

Studier, et al 
Vork (1990) 



Methods in Pn^/ijinlnrfy, Academic Press, 



New 
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Anai ysis of protein expression. Trans formants were screened 

colon !° eXpression ^ i™noblotting analysis. Individual 

densitv 3 91 " OWn at 37 ' C in 2 ml of ^ medium to an optical- 

density of 0.8-1 n -.t- rcn 

IPTG at 660 nm - Expression was induced by adding 

° * COncent "tion of 0.25 raM . After induction, cultures 
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were incubated at 157 *c for 2 h before harvesting. The cells were 
pelleted in a microfuge tube and resuspended in 100 /xl of sample 
loading buffer containing 1% sodium dodecyl sulfate (SDS) and 0.2 
M 2-mercaptoethanol. The samples were boiled for 5 min and then 
separated by discontinuous SDS-polyacrylarnide gel electrophoresis 
(PAGE) (Lammeli, U. K., Nature 227 : 680-685 (1970)). The proteins 
were transferred to nitrocellulose sheets using a semi-dry 
electroblotter (Integrated Separation Systems, Hyde Park, Mass.) 
and then stained for the presence of BoNT/A-specif ic protein 
using horse antiserum to BoNT/A . Strain MTD150 was prepared as 
described above and used as a background control. Purified 
BoNT/A (Sigma, St. Louis, Mo.) was included in each gel as a 
positive control. 1 

«n fractionation. Bacterial strains encoding the 
truncated BoNT/A proteins were grown in M-9 medium and were 
induced to express protein as described above. Cells were 
pelleted by oentrif ugation at 3,000 x g for 10 min. The pellet 
w« suspended in lysis buffer containing 1 mg/ml lysozyme, 50 mM 
bo « EDTfl , and 20% sucrose (pH a o) ms lncubate<J at 

wa. -It" 3 ! " ,in ' T ° enSUre °° mPlete lySis ' the -spension 

- » aS e «s ig ,: te „e r e a a ;r;t r r ion of 20 mH ' DNase (^l9 ' oa, 

each concentration of 0.01 mg/ml 

' " then lyS " e »" inou^fd at 37-c for 30 min. The 



The cL:::; a ; ified * at aiWMX9 tor 10 mm 

4-c a ld ths YS r e MS oentrifu *«> 20,000 x g for 30 min at 
»uffe The saw 1 """^ ^ fading 

before use ^"^ 5 and st «ed at -20'C 

Purification of BoNT/a t^~+. - 
proteins were ourmV P rot "n=- The truncated BoNT/A 

P«P ceil ,n , P V " PIeparative SDS-PAGE with a Model 491 

used in the '„"„, ' Rlchl "° nd < Ca ■ > ■ The percentage of acrylamide 

of the protein t ^ '^"^ *° the Ration 

pi ore m of interest q 

at 12 watts cnnct *. ' beparatlon wa s typically performed 

uus constant power with a m , 

p wer with a 3 7 -mm diameter tube gel. The 



length of the stacking and resolving gels were 2 cm and 10 cm, 
respectively. The eluate was collected at a flow rate of 0.75- 
ml/mm as 4 -ml fractions. Aliguots of the fractions were 
separated by analytical SDS-PAGE and stained with Coomassie blue 
to visualize total protein. m some cases, a duplicate gel was 

ransf erred to nitrocellulose and analyzed for immunoreactivity 
to polyclonal horse antiserum to BoNT/A. Fractions containing 
truncated BoNT/A protein were pooled and concentrated by 
ultrafiltration (Amicon, Danvers, Mass.). The concentrated 
Protein was passed through a column containing Extracti-Gel™ D 
resin (Pierce, RocXford, ill.) to remove any remaining SDS. The 
Piotem was subjected to extensive diaf iltration in buffer 
containing 120 mM NaCl , 2 . 7 mM KC1 / 10 mM phosphate buffer ( P H 

■), 20, glycerol (v/v) , and 5 mM EDTA . Each protein prepara- 
an v " S , eXM,ined bY COOi - Ssie st --ing and immunoblotting 
specif" C ° 11,P0Siti0n and the presence of BoNT/A- 

BCA " " Pr ° tein — trations were determined by the 

stored at 70 r h r " Preparations were aliguoted and 

j-t-u at ~/o c betore use. 



ITZTT" *"* ° halle ^ e - *"» Protocol used'in this study 
PPr ° Ve 7 y USMRIID institution*! AniMl Care and „.* 

>e«la CB6F1 » iea (Jac)lson Labor fiar Ha 

W O Q If I - J * 



Maine) 4 _ 6 wooV _ , a ' «" u «™ry, Bar Harbor, 

™e .^e \1 I Pr ° Vlded f °° d "* -t.r ad libitum. 

-pe»: t ™:::r w t . io " s ° f ™— 

«°"t.) sc. emulsion (Rlbi i Mun ochen,, Hamilton, 

«re i mmunized wl " ^ For °°»P«i.on, some mice 

nued Wlt " pentavalent toxoid • 
A -P- four times ,1- •> , ^.toxoid. The mice were immunized 

ionization the intervals; One week after the last 

ion ' tn e mice were bled ,nrf +-k 
immunobiot for th » S8rUm WaS anal y zed by 

-eeks after the ia^ ° f ^ain-specif ic antibody. Two 

with 2 letMj llmUUniZation ' e -h mouse was challenged!. p.' 

chane nge , t .^T ° f BONT/A <* ™ 99 > • Four days after 

' Lue nuce were ^r^v^ 

' ana1 ^"- BoNT/ A was separated by SDS-PAGE 
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